Introduction
Hepatocellular carcinoma (HCC) is the fifth most common cancer in men and the seventh most common cancer in women worldwide, accounting for at least 600,000 deaths annually [1] . Incidence rates traditionally showed highest numbers in Southeast Asia and sub-Saharan Africa, mainly associated with chronic hepatitis B virus (HBV) infection. Generalized implementation of vaccination programs have proven to be effective in preventing infections in these countries and a constant decrease in newly diagnosed HCC has been observed during the last years. However, both incidence and mortality rates of HCC have doubled in the United States and in Europe during the past 2-3 decades and are predicted to rise continuously [2] . Although several confounding factors (e.g. immigration from high-incidence countries) contribute to increasing numbers in the Western world, together with pancreatic cancer and melanoma, HCC is currently among the fastest growing causes of cancer-related deaths in the USA.
The major etiologic agents responsible for chronic liver disease and subsequent development of cirrhosis (the major risk factor per se) as well as HCC are known and well characterized [2] . In Western countries, etiological agents comprise a heterogeneous group of chronic liver diseases that range from chronic viral hepatitis (e.g. infections with HBV and hepatitis C virus (HCV)) over ethanolstages at the time of diagnosis and less than 20% of the patients are eligible for curative treatment options, i.e. resection and/or liver transplantation [5] . These observations clearly highlight that HCC is a major health care problem in the Western world and underline the critical need for improved understanding of the molecular pathogenesis, development of diagnostic and predictive biomarkers, and identification of novel treatment options for this deadly disease [6] . The recommendations regarding screening and diagnosis of HCC are similar across international guidelines, such as those endorsed by the American Association for the Study of Liver Diseases (AASLD), the European Association of the Study of the Liver (EASL)/European Organization for Research and Treatment of Cancer (EORTC), or the Deutsche Gesellschaft für Gastroenterologie, Verdauungs-und Stoffwechselerkrankungen (DGVS). In this systematic review, we will primarily focus on these three guidelines which are widely implemented in Western countries.
Identification of Patients at Risk: The Target Population for Screening
The overall goal of successful screening is effectiveness, i.e., the method needs to result in a noticeable benefit for clinical practice [7] . Therefore, screening needs to be available to a broader population of patients and should effectively detect early stages where curative treatment is available. This also implies that the level of risk for each subgroup of patients needs to be defined to make screening worthwhile [5] . By current definitions, screening is considered effective if the yielded increase in life time of the screening population is at least 3 months [8] . In this context, identification of the patients at highest risk for development of HCC is a major objective, and screening is currently recommended for patients whose annual risk of HCC development exceeds 1.5-2% (table 1) [5, 9] .
Since bridging fibrosis and cirrhosis are well established predisposing factors for HCC development, cirrhotic patients are the ideal population for screening. Accordingly, guidelines of the American, European, and German liver/gastroenterology associations (i.e. AASLD, EASL, DGVS) universally recommend screening in all patients with liver cirrhosis, regardless of the etiology [5, 10, 11] . Notably, the Asian Pacific Association for the Study of the Liver (APASL) is more restrictive and limits the screening to patients with cirrhosis due to viral hepatitis [12] .
High incidence rates of HCC are also observed in patients with chronic HBV infection, even in the absence of cirrhosis. Consequently, screening of this subgroup of patients depends on the incidence of HBV infections in the respective regions. The AASLD guidelines recommend screening for Asian males older than 40 years and for women older than 50 years [5] . Additionally, screening should be performed for patients with a family history of HCC and for African American blacks older than 20 years. The EASL guidelines are more restrictive and identify HBV patients with chronic active HBV or a family history of HCC as the only candidates for screening [10] .
Given the high incidence of HCC in non-cirrhotic NASH, current German guidelines additionally recommend screening for NASH patients [4, 11] . However, data ultimately supporting this approach as well as rigorous cost-effectiveness analyses in this large, heterogeneous patient population are still lacking [13] . Some recent evidence suggests that risk stratification of NASH patients based on genetic susceptibility (e.g. by PNPLA3) might increase the effectiveness of the screening, but this observation also needs confirmation [14] . Notably, to better predict the risk of HCC development in different patient populations, several score systems have been developed [15] [16] [17] . The best validated score for chronic HBV-infected patients is the REACH-B score [16, 18] . Despite its potential of identifying most suitable candidates for screening, external validation in large cohorts is still needed. An unresolved question is to what extent currently recommended strategies negatively impair cost-effectiveness when diagnosis of cirrhosis or bridging fibrosis is misclassified due to noninvasive testing. This method is frequently applied to patients with HCV, a population at high risk for HCC development [19] . Given the high success rate of novel HCV therapies leading to at least a fourfold reduction of HCC, however, incidences in cirrhotic patients, screening of these patients, and guideline recommendations will likely be modified during the next few years [20] .
Effectiveness, Method, and Interval of Screening
As already stated, screening should be generally recommended when the HCC incidence exceeds 1.5-2%. The effectiveness of HCC surveillance in clinical routine largely depends on adherence to screening and sensitivity of surveillance methods for early detection in patients at risk. Generally, screening utilization and sensitivity must exceed 34 and 42%, respectively, to provide a benefit for patient outcome [21] . Several analyses have confirmed the cost-effectiveness of screening for HCC in different patient populations [22, 23.] Overall, consent among all these studies was that screening for HCC is cost-effective when using abdominal ultrasound. Since ultrasound is widely available, accurate, non-invasive, and inexpensive, it is the backbone of all current guidelines [5, [10] [11] [12] . Sensitivity of the method is highly dependent on the investigator and ranges from 29 to 100% [24, 25] . While a meta-analysis recently demonstrated a pooled sensitivity of only 63% (95% confidence interval: 49-76%) in cirrhotic patients, sensitivity can be significantly increased when performed by trained experts [10, 25] . Therefore, it is generally accepted that screening should be performed by experienced centers [10, 25, 26] .
Several studies addressed the optimal screening interval in cirrhotic patients whereby an interval of 6 months significantly improved the sensitivity of early HCC detection compared to 12 months (70 vs. 50%) [27] [28] [29] . Importantly, considering both current data demonstrating that a reduction of the screening interval from 6 to 3 months did not yield an increased detection of early lesions or patients eligible for curative treatment as well as the predicted doubling time of the tumor, there is no rationale for shortening this interval [30] . Altogether, a 6-monthly screening interval can be considered most appropriate and cost-effective in patients at high risk for HCC development [31] .
In cirrhotic livers with heterogeneous and nodular parenchyma, detection of HCC can be challenging when using ultrasound [32] . Screening is further compromised by obesity of the patients, in particular of NAFLD/NASH patients. Therefore, computed tomography (CT) as well as magnetic resonance imaging (MRI) have been proposed as alternative screening modalities to overcome these obstacles and to improve the detection rate for small HCCs. However, gain in accuracy needs to outperform both the additional costs as well as the potential risk for the patients (e.g. radiation exposure). While the role of these cross-sectional imaging techniques for diagnosis of HCC have been well established, their effectiveness for screening is less well studied [5] . Head-to-head studies showed that bi-annual ultrasound has a similar detection rate of early HCC as well as lower costs compared to annual CT (ultrasound: USD 17,041.-vs. CT: USD 57,383.-) [33] . In conclusion, bi-annual ultrasound is the most cost-effective screening approach for HCC with a similar sensitivity compared to cross-sectional imaging techniques but no relevant risks. Other imaging techniques should only be applied if ultrasound assessment is compromised.
Biomarkers for Screening and Detection
Serological tests for early HCC detection in patients at risk have been intensively studied, and some showed promising possibilities of improving the detection rates of small HCCs [34] . Among those, the best studied biomarker for HCC is alpha-fetoprotein (AFP) [35] . Although several reports demonstrated that AFP, in combination with ultrasound, can increase early detection, elevation of serum AFP can occur in cirrhotic patients even in the absence of malignancy. High AFP levels are also observed in cirrhosis with high inflammatory activity and may correlate with aminotransferase levels [36, 37] . A cut-off value of 20 ng/ml was shown to optimally level sensitivity and specificity of AFP; however, sensitivity remained at only 60% [38, 39] . Of note, reducing the cut-off resulted in a considerable number of false-positive findings which would require additional and, frequently, unnecessary tests. Therefore, the AASLD and EASL guidelines consider specificity and sensitivity of AFP to be insufficient as a good screening test and, therefore, do not endorse its use in clinical routine, neither alone nor in combination with ultrasound [5, 10] .
Other biomarkers evaluated in clinical trials for HCC are lectinreactive AFP (AFP-L3), des-gamma-carboxy prothrombin (DCP), golgi protein-73 (GP73), and osteopontin (OPN) [34, 40] . While results for some of these markers are promising, prospective studies as well as independent validation in large cohorts of patients with different risk factors are required before their value for HCC screening can be accurately estimated [7] .
Prevention of Liver-Related Mortality
As described in the above sections, screening is uniformly recommended in all national and international guidelines for HCC. A crucial issue is to what extent the recommended screening strategies are effectively reducing HCC-related mortality. Although the current evidence does not provide a definitive answer to this question and available studies are frequently not of the highest quality, most studies reach the consensus that screening is beneficial [9, 41] . Considering that patients who develop symptoms from HCC generally present with advanced stages when treatment options are extremely limited, screening seems indispensable and should be rigorously implemented.
Diagnostic Approach to Hepatocellular Carcinoma
Recall Policy A stringent recall policy algorithm is crucial when an abnormal finding (i.e. a newly focal hepatic nodule/mass, known focal hepatic nodule with changing echo patterns or growth) is detected during routine ultrasound screening with the aim to diagnose HCC at an early stage when curative treatment approaches can be applied [10, 42] . Pathology studies have shown that the majority of nodules smaller than 1 cm detected in a cirrhotic liver are not HCCs [43] , and according to the current EASL and AASLD guidelines, nodules less than 1 cm in diameter should therefore be followed up every 3 (AASLD) to 4 (EASL) months by conventional ultrasound for the first year and every 6 months thereafter ( fig. 1 ) [5, 10, 43] . However, the detection of nodules larger than 1 cm during routine ultrasound screening requires further investigation and subsequent confirmation of HCC either by means of non-invasive criteria or by biopsy, as described in the following sections ( fig. 1 ) [5, 10] . The latter approach is recommended by the DGVS guideline independent of the size of the nodule (i.e. also in suspicious nodules smaller than 1 cm) [11] .
Non-Invasive Diagnosis Criteria
Due to limitations of ultrasound-or CT-guided biopsy and pathological diagnosis (feasibility, risk of bleeding, or needle track seeding [44] ; differentiation between high-grade dysplastic nodules and early HCCs [43] ), the guidelines on the clinical management of HCC endorsed by the EASL in 2001 have already reported noninvasive criteria for the diagnosis of HCC in a cirrhotic liver based on a combination of imaging and laboratory findings [10, 45] . Coincidental findings of contrast uptake in the arterial phase (hypervascularization) of two dynamic contrast-enhanced imaging techniques (CT, MRI, angiography, or ultrasound) in nodules larger than 2 cm were considered diagnostic, or alternatively, one imaging technique together with an elevated level of AFP (above 400 ng/ml). If atypical features were seen on one imaging technique, then an alternative dynamic imaging technique should be performed. Only if these conditions were not fulfilled, a biopsy was mandatory [45] . In 2005, the AASLD guidelines established the currently valid radiological features of HCC, i.e. wash-in in the arterial phase and wash-out in the portal-venous or delayed phase of a dynamic contrast-enhanced imaging technique (CT, MRI, or US) [46] [47] [48] . These recommendations were based again on the fact that HCC receives its vascular supply predominantly via the hepatic artery (hypervascularization in the arterial phase). As a further consequence, wash-out in the portal-venous or delayed phase is observed in comparison with the surrounding liver tissue. HCC diagnosis was established in nodules larger than 2 cm showing these features in one dynamic contrast-enhanced imaging technique or in nodules of 1-2 cm in diameter in two alternative imaging techniques. The AFP elevation was dropped from the diagnostic agenda because AFP determination lacks adequate sensitivity and specificity for effective surveillance and diagnosis [10, 46] . The latest update of the AASLD guidelines has even proposed that one imaging technique (CT or MRI) showing radiological hallmarks of HCC is sufficient for the non-invasive diagnosis of nodules of 1-2 cm in diameter [5] . At that time, contrast-enhanced ultrasound was not considered for the diagnostic agenda due to false-positive results in patients with cholangiocarcinoma [5, 49] . The current update of the EASL guidelines from 2012 has finally confirmed this approach; however, it includes the restriction that the one imaging technique rule in nodules of 1-2 cm in diameter can only be applied in optimal settings (4-phase multidetector CT and/or dynamic contrast-enhanced MRI following reported protocols and local skills at the high-end level) [10] .
Only in case of uncertainty or inconclusive/atypical radiological findings in both dynamic contrast-enhanced imaging techniques (CT and MRI), diagnosis should be confirmed by biopsy ( fig. 1) [5, 10] . Again, in contrast to the current EASL and AASLD guidelines, this approach is recommended by the DGVS guideline independ- Fig. 1 . Diagnostic algorithm and recall policy (modified from [10] ). *One imaging technique only recommended in centers of excellence with high-end radiological equipment; **HCC radiological features: arterial hypervascularization (washin) and portal-venous/delayed phase wash-out. US = Ultrasound; CT = computed tomography; MRI = magnetic resonance imaging; HCC = hepatocellular carcinoma.
--ent of the size of the nodule (i.e. also in suspicious nodules smaller than 1 cm). In addition, contrast-enhanced ultrasound can furthermore be used as an alternative dynamic imaging technique [11] .
Pathological Diagnosis
Pathological diagnosis of HCC is recommended for suspicious nodules occurring in patients with non-cirrhotic liver detected during routine screening ultrasound, and for cirrhotic patients with inconclusive or atypical findings in two ( fig. 1 ) or three contrast-enhanced imaging techniques [5, 10, 11] . However, biopsy of small, atypical lesions is associated with a high rate of false-negative findings due to sampling error [10] . A second biopsy is potentially recommended in case of inconclusive findings as well as growth or change in enhancement pattern identified in the setting of a tight follow-up every 3 months [5, 10, 11] . In this context, the incidence of needle tract tumor seeding following biopsy of a HCC was reported to be 2.7% overall or 0.9% per year [44] .
Interpretation of biopsies and distinction between high-grade dysplastic nodules and early HCC is challenging [43] . Biopsies should therefore be assessed by an expert hepato-pathologist [5, 10] . If tissue is not clearly HCC, immunostaining for glypican 3 (GPC3), heat shock protein 70 (HSP70), and glutamine synthetase (GS) is recommended by all guidelines to improve accuracy [5, 10, 11, 50] . Additional staining can be considered to detect progenitor cell features (K19 and EpCAM) or to assess neovascularization (CD34) [5, 10, 11, 43] . It is worth mentioning that, apart from diagnosis, histology is of key importance for the development of new diagnostic and predictive biomarkers.
Conclusion and Outlook
During the last 15 years, our understanding of the pathophysiology of chronic liver diseases and subsequent hepatocarcinogenesis has dramatically increased. Several studies led to the identification of patients at high risk for the development of HCC. As a result, all current guidelines implemented rigorous screening and detection algorithms for these patients. Progress in imaging techniques further enabled clinicians to accurately diagnose HCC at early and potentially curative stages of the disease course and, thus, provided a measurable improvement in the medical treatment of patients at risk. However, adherence to these screening programs is still suboptimal and detailed information on the potentially reduced HCC-related mortality and the effectiveness of these measures are lacking. Additionally, despite effective screening programs, a considerable number of patients are still diagnosed at advanced stages, and prospective validation of promising non-invasive candidate biomarkers for the early detection of HCC in large cohorts to complement the screening programs is still lacking. Therefore, our efforts should still focus on the translation of knowledge (bench-to-bedside as well as bedside-to-bench) into clinical practice.
Provided that the life-time risk for HCC development is considerably high and, for most HCCs, highly influenced by environmental factors (e.g. HCV infections), prevention and early treatment of the underlying liver disease should remain the major goal [51] .
